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A BST R A C T
ArctlCStudy of Tr opo sl)heric Ae rosol and Radiat,io n(AS T A R 2000)w e r e c o n (1u ctedin M arch
a nd April 2000･ The prin cipal obje ctiv e s of A S T A R 2000w e r eto obse rv e. a nd clari fy the
beha vio r oftmpo 8Pheric aerosols, e specially ofthe
”Arctic hag:e'l, a ndtheir r adiative euect8.
Du ring the A S T A R 20 00, w ec amied o ut ae ros olpr o且1e m e a stlr 8 m e ntS With a M icr oPulse
Lida r(M P L)a nd sky radia n ce m e a8u re m entS wi thaSkyT adio m ete r atNy- Al郎 u nd(79 N,12
E), Sval ba rd.
T he M P L is a u s efultoolto obse rve the te mpo r al and spatial a e r o solbehavior, while the
Sky
-
r adio m ete r me･asu res the, sky r adia n ce a nd c a npr oヤideinfo r m atic'n o n a即 OSOlprope rtie s
stlCh a s siz edistriblltio n
, 紀 attering pha s efun ctio n, optic al depth Angstr o mpa r a m et r, and
r efra ctiv einde x･ T hesein str ume nts w o rked w ell dtlring the c a mpaign a nd w e c ould obs e rv e
r epresentativ efe atu re s ofthe Arctic ha z e e v e nts･ In til e C a s e Of Arctic hal:e O nthe gr ollnd
le v el
, the height ofthe mixinglaye r s w a sli mited in thelo w e r altitude with r e.lativ ely s mal l
valu e oftLe Angstro m pa r a m et r･ In c o ntr a st, whe n the ha z elaye r甲 a Sfo u ndin thehighe r
atm o sphe r e, the miⅩinglaye･r height could notbe distinguished cle a rly, a ndt,he AngBtr O m
pa r a m et r e血ibited large r valu e s. T his r e s ulti8 interpreted in relatio n to the a e ro sol
tra n spo rt,
1. IN T ROD UCTI O N
Inthispape r w e repo rto n observ ation sc ondu cted a sI) a rt, Ofthe c a mpaign of the AncticStudy
of Tropo sphe ric Ae rosol and Radiatl D n, in spring 2000(A S T A R 2000). T he study w a s
unde rtake nto e xamin e･ the beha vio r oft･r opo sphe ric a e ro sol . especially ofthe
”Ar cticha z er-
,
a nd the ae.ro s ol radiativ eeffe cts . He r ethe te r m'`Arct,ic ha2;e
'
is llS edt,o in(1ic ated a e r o s ol
pa rticle sfo und du riLlg Winte r a nd spring, r e sdt･iI唱 fro m aer oscLl tr a n sportat,io n in the
pla neta rybo unda rylaye r鉦o mindu 8tri ala r e a sin mi d-lat,itude sintotheAr ctlC a r eal).
T he ha z e a e r o 印1s a re m ainly Sulfate andbla ck c a rbo n2･B), Sin c ethe haze c ontain slight
ab畠o rbing m ateri alsu ch asbla ck c a rbo n,it ap pe ars dark when vie w ed from above over t.土1e
highly refle ctm gic e c ap a nd intr od-1C e S 白o m ehe ati鴫 intothe ea r血
･ atm o sl)he re syste m4). Fo r
the tra n spo rt r o ute sfo rthe ha 乞e, Eu ra sian emission s are m llCh m o r eim po rta nt. t.han tho se
fro m North Americ a, in･part･be c a u sethe Eu r a sia n s o u r c e s a r e5
D
to lo
o
fu rthe r n o rth tha n
tho s ein No rth Americ a,
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2. OB S E R V A TIONS
Du ring the AST A R2000ca mpaign, sim ulta n e o u s 皿 eaSu r e m e ntS Were Carried o ut with a M PL
岱EST M P L)and a Sky- r adio m eterQ'r ede P O M･01)at the Rabben O bse rv ato ry, abo ut10m
abov e s e ale v el, atNy
- Ale s und, Sv alba rd(79 N, 12. E),
T he M P Lsy8te n, equip ped with a 623n 皿 N d:YL Fla ger. Oper ated at2.5 k H2;, pr ovi de sa
v e rticalr e sollltio n of30n inthe a er o solback昌C atte ring m e a su r e m e nts . By m e a n s ofthelida r
eqtlatio n5), this m e a stLre n entleads to the v e rtic alpr ofile oft,he a e r o s ole xtin ction c o e凪 cie nt,
a nd he n cedete ctio n of the laye r
･1ike str u ctw e sin the atm o spher e･ T he sky
-
r adio m ete r
皿 e a8u re Sthe dire ct Sola r r adianc ein eight spe ctr al chan n elsin a spe ctral range of368to
1020 n m, with a n cilla ry sky radia n c edatainfiv e Spe ctr al dl a n n els of 400, r)00, 6 75, 870, a nd
1020 n n. We al)pliedthe sky
･
r adia n c ein v e r sio n m ethod617)in o rde rto r etriev ethe ae ro sol
opticalt,hickne s8, Siz edi8t.ri btltio n a nd single 紀 attering albedo. As fo r the･ gr ou nd al bedo
n e ededin thein v e r sio n, w e a s s u m ed a v altle Of0.5, an average u su ally enc ollnteredfor the
n e w a ndolds n o w.
In th i8 Pape r, W efo c u s o nthe differenc ebetw ee llthe days ofArctic ha2:e e v e nts(HZ)a nd
tho se of ba ckgro l mdc a s e B佃G). T he dis crimin ation ofthe setw o c a s e sis m ade o ntheba sis of
the optic al th ickne s8 at500n m, て(500), with addit o nal info r m atio n abo utthe grou ndvisibility.
Tも.e H Zc a s e s Wer efou nd for Mar ch23, m o r ningof March 25, April13- and April 19, w her e a s
the B G fo rM a r ch 22, a氏e rno o n ofM a rch 25, and April 17. Fo r e a ch c a s e, a tim ebin of 10
min ute sisdefin edtD a V e r age the v ariatio n s of the a e r o s olopticalpa r a m et8 r S afte rthe clo11d･
c o v e r ed datais e x clllded.
T he, ob畠e r v atio n 8 O n Optically thick H Z days a r e c ategoriz ed into tw o situ atlO n S, n a m e,1y
with a nd wi也o ut the pr es enc eofsig血fic a nt uppe rlaye r s, In o rde rto cla ri& the r ole ofsu ch
laye r sfo rthege n e r atio n of the Ar cticha z e e ven 晦 he re w e e x amin e whethe rthe e xist倍 n C e Of
up pe rlayers af6ect8the a e r o sol pticalpr ope rtie 白.
3. R ESU L T S
In Fig1 1 w e c o mpa r ethe H Zand B G daysby studying the oqc､ 汀上e n cefreq119n Cy Of(a)the
a e ro solopticalthickness at500n m て(500). a) AngBtr O mpar a m et r, a nd(c)single sc atte ring
albedo. Figtlr e1(a)sho w sthatfo rthe m o st Part the tw o situ atl O n 白 a r e W ells epa r ated by
て(600), tho ughthe gro t mdlle v el ha z epe rsisted in Spite of the r elativ ely s malle r valu e of -
(500) < 0.1. From Fig. 1(b),itc a nbe s e e nthat the Angstr o mpa r a m et即 is so m e whatla rge r
fo rthe 甘Z ca sesthan fo rthe BG
.
c a se 臥T his s ug ge ststhein c r e a s ein the n u mber of 白皿 alle r
pa rtlCleB for the for mer. On the othe r hand, n o cle ar distinctio n is fo u nd-for the single
sc atteringal bedo, a sSeen fr o mFig. 1(c).
Figure 2 glow s, in te r ns of the obse rv ed digtriblltion s ofthe Ang8tr O m Pa r a m et r, a
c o血pa riso nI)et町 e e nthe situ at1 0 n Swithand witho utthelayer
･1ike stru cttu e u nde rthe haze
c ondition sdetected by the M P L血 eaBu re 皿 entS . The s etw oca se sdo e xhibitdiffe re nce s: whe n
the r e e･xi8t8thelaye r, the av er agedvalu e ofthe Angstro皿 pa r a m et r Valueis 1･86, whe rea sit
isl･52 fo r n olaye r 8ittlatio n s. Note thatth i8latte r v alu eis the Ba n e a Sthe B Gc a sedepicted
in Fig･ 1(b)･ This r esultindic ate s that■the aer osblpa rticle s with sm al le r siz e 血e n c e, la rge r
AngBtrOm pa r a m et r) ar ePr edomin a nt n otin the gr oll nd laye r, b-1tin the up pe rlaye r
obse rv ed in a naltltude r ange-of2
- 5 km , Pr evio us w orks ofthe Ar cticha ze r e vealed that the
polhlted air ma碍･ Which i8 C O 皿pO B ed m ainly ofSul fate and bla ck c arbonl), w a str an spo rted
fr o 皿indu Btrial regions. Itis co nside red that th i8tr a nBPO rtatlOn take spla c efar above the
mixedbo u nda rylayer･ Su ch apictu reis con sistent wi ththepr e sent obs e r v atio n ofthe llP per
hye r 8with e n richedc o n c e ntr atio n s 0fs malle rparticle s,
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Fig･ 1 O bs e rv ed distributio n 白 Of(a)the a e r o s ol optic al 地ickne ss at ･500n 皿, (b) Ang8tr O m
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Fig,2 DistributlO n Ofthe Angst訂O m Param eter Obs e rve (I fo rthe Arctic ha z e e v e nts . T he
o cclユr r e n C e丘･equ e n cy ofthe pa r a m et ris co mpa r edI)etw e en the tw o E;it.1ユatio n s, with and
witho ut血 e llP Pe rlayer sdete ctedby the M ph
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